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(54| Seal for pneumatic, hydraulic 
or hydropneumatic units 

(57) In a fluid-operated device such as 
a gas spring 1 a piston rod 4 is 
axially movably guided through a 
passage in an end wall of the gas 
spring. A sealing disc 9 of 
elastomeric material is axially 
compressed between two supporting 
faces 7,8 and engages the piston rod 
with a convex radially inner edge. 
The apex of the edge is substantially 
midway of the axial thickness of the 
sealing disc. Preferably the sealing 
disc has also a radially outwardly 
convex sealing edge which is in 
sealing engagement with a stationary 
face 1 9 cylinder 2 surrounding the 
sealing disc. 
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SPECIFICATION 

Seal for pneumatic hydraulic or hydropneu- 
matic units 

5 

The invention relates to the sealing problem in 
pneumatic, hydraulic and hydropneumatic de- 
vices such as gas springs. 
For the sealing of an axially movable com- 
10 ponent, for example a piston rod, it is known 
to use what are called O-rings. Ordinarily a 
reception groove is provided to receive the O- 
ring and the O-ring has a certain play in the 
axial direction in the reception groove. Ac- 
15 cordingly the sealing line on the circumference 
of the O-ring also rolls on axial movement of 
the component to be sealed. Especially in , 
those installation cases where the O-ring 
forms a dynamic seal on the inner diameter 
20 and a static seal on the external diameter, for 
example a dynamic piston rod seal and a sta- 
tic seal against the cylinder inner wall, a rela- 
tively great cord thickness of the O-ring is 
necessary, so that thus high friction arid 
25 break-away forces are unavoidable in the dy- 
namic seal. By reason of the rolling movement 
of the O-ring not only does the sealing line 
roll on the opposed sealing surface; but also a 
kind of pump effect occurs in which the me- 
30 dium to be sealed is conveyed to the exterior 
on reversal of direction of movement. 

The known sealing rings formed with rec- 
tangular or X-shaped cross-sectional area, 
which abut with two sealing lips on the com- 
35 ponent to be sealed, also effect a tilting, for 
example in the axial movement of a piston rod 
to be sealed, in which the one sealing lip is 
relieved of load and the other sealing lip is 
pressed on more strongly. By reason of this 
40 tilting movement the danger exists that the 
medium under pressure may penetrate into the 
interspace defined by the sealing lips and thus 
is conveyed to the exterior on reversal of 
movement. 

45 A sealing packing consisting of a plurality of 
sealing discs is known from Fed. German 
Publ. Sp. 1,950,381. Such a sealing packing 
forms a very large sealing area with the piston 
rod, since each sealing disc abuts on the pis- 

50 ton rod over the entire axial thickness. Be- 
tween the sealing discs support discs are pro- 
vided which possess a radial play in relation 
to the dynamic sealing area, whereby the seal- 
ing discs are tiltable about the inner edges of 

55 the support discs and are pressable on the 
surface to be sealed with pressure-dependent 
clamping effect. Such a sealing arrangement 
possesses an undesirably high friction force 
between the seal and the movable component 

60 to be sealed, as a result of the large sealing 
area. Furthermore, the break-away forces - 
stick-slip effect — are very high, so that for 
example in gas springs or vibration dampers 
the outward thrust and damping forces are 

65 uncontrollably influenced. 



The present invention may provide a fluid- 
operated device with a seal which is simple 
and economical in construction and fitting and 
guarantees a satisfactory sealing effect with- 
70 out pumping effect with low friction and low 
break-away forces. This sealing disc should be 
usable either as a static or as a dynamic seal 
and, in case of need, be capable of bridging 
over larger radial distances between two seal- 
75 ing points. 

A fluid-operated device according to this in- 
vention comprises at least one annular sealing 
disc which is located in a first sub-unit and is 
in sealing engagement with a sealing surface 
80 of a second sub-unit. The term "fluid-operated 
device" is to be understood in a broad sense. 
More particularly, this term is to cover devices 
which are dependent on outer fluid sources 
and such ones which are provided with a sta- 
85 tionary filling of fluid. The sealing disc has an 
axis and is axially supported in both axial di- 
rections by support faces of the first sub-unit. 
The sealing disc has — when regarded in a 
plane of section containing its axis — a cross- 
90 sectional area elongate in radial direction be- 
fore assembly. The cross-sectional area com- 
prises a sealing edge engageable with the 
sealing surface of the second sub-unit. The 
sealing edge is convexly curved radially to- 
95 wards the sealing surface of the second sub- 
unit. The apex of the sealing edge is substan- 
tially midway of the axial thickness of the 
sealing disc. u 
Due to this sealing edge configuration the 
100 edge is very well supported by the sealing 

disc and therefore is not deflected even under 
high pressure differences. The deflection can 
be even more avoided by the support faces 
extending radially towards said sealing surface 
105 beyond the transition between the end faces 
and the convex sealing edge. A pumping ef- 
fect is avoided. As a result of the sealing line 
having a small engagement face due to said 
convex configuration low friction and break- 
1 10 away forces are guaranteed. The seal itself is 
very simple in manufacture, assembly and fitt- 
ing and usable either as a static or as a dy- 
namic seal and furthermore permits of bridging 
over major radial distances between two seal 
1 1 5 points, for example a dynamic and a static 
seal point. 

In accordance with a preferred embodiment 
of the invention a fluid-operated device com- 
prises a separating unit which separates at 

120 least two spaces from each other. Passage 

means interconnecting the two spaces are de- 
fined by the separating unit. A cylindrical rod 
member having an axis is axially movably 
guided within the passage means. A sealing 

125 unit is allocated to the passage means. The 
sealing unit comprises at least one elastic an- 
nular sealing disc coaxially surrounding the rod 
member. 

The sealing disc is axially supported by sub- 
130 stantially axially directed supporting faces adja- 
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cent both substantially axially directed end 
faces of the sealing disc. The sealing disc 
has — when regarded in a plane of section 
containing the axis — a cross-sectional area 
5 elongate in radial direction when regarded in 
the status before assembly. The cross-sec- 
tional area comprises a sealing edge adjacent 
the rod member. The sealing edge sealingly 
engages the rod member. The sealing edge is 
10 convexly curved radially towards the rod 

member. The apex of the sealing edge is sub- 
stantially midway of the axial thickness of the 
sealing disc. 
A very advantageous form of embodiment 
1 5 is obtained according to a further feature of 
the invention in that the sealing edge is 
formed by an approximately semi-circular con- 
tour. This permits both simple production and 
problem-free fitting and has the advantage 
20 that the sealing edge is optimally supported in 
relation to the disc basic body and thus an 
unambiguous position of the seal line is guar- 
anteed even at very high pressures. 

Since the friction force to be overcome in a 
25 dynamic seal formed by such a sealing disc is 
fairly precisely definable, in accordance with 
the invention by the arrangement of several 
sealing discs one behind another in the axial 
direction it is possible deliberately to build up 
30 a predetermined desired friction force betwen 
the mutually relatively moveable components, 
since the friction is added for each sealing 
disc. 

A further advantageous form of embodiment 
35 is obtained according to a further feature in 
that on one or both sides of a middle sealing 
disc there are arranged elastic support discs 
which differ from the sealing discs only in 
lower pre-stress between the sealing edge 
40 and the opposed sealing surface. These sup- 
port discs are effective as scraper discs or 
stripper means. By this simple combination of 
the sealing disc or sealing discs with one or 
several support discs the support discs keep 
45 soiling remote from the actual sealing area and 
thus produce a high operational reliability of 
the seal over a lengthy time period. 

To produce easier radial mobility of adjacent 
sealing discs or support discs in relation to 
50 one another according to the invention each 
sealing disc or support disc is provided on at 
least one end face with a recess which serves 
to receive lubricant. In accordance with a fur- 
ther feature of this invention this recess is 
55 formed in a simple manner by at least one 
circular groove. 

The formation of the sealing edge on both 
the internal diameter and the external diameter 
of the sealing disc renders it possible with 
60 one sealing disc only, according to the condi- 
tions of use, to provide either the dynamic 
seal on the internal diameter and the static 
seal on the external diameter or vice versa. 
Accordingly such sealing discs are suitable for 



Furthermore use as valve pin seal of a block- 
ing valve of a blockable gas spring is readily 
possible. In the latter case it is especially ad- 
vantageous that the sealing edge assumes a 
70 precisely defined position in every operational 
condition, so that the stroke movements of 
the blocking valve between open and closed 
can be kept very small, which is not possible 
in the case of a seal by means of an 0-ring 
75 as a result of the rolling of this O-ring. 

The various features of novelty which char- 
acterize the invention are pointed out with 
particularity in the claims annexed to and 
forming a part of this disclosure. For a better 
80 understanding of the invention, its operating 
advantages and specific objects attained by its 
use, reference should be had to the accom- 
panying drawing and descriptive matter in 
which there are illustrated and described pre- 
85 f erred embodiments of the invention. 

The invention will be explained in greater 
detail below by reference to the forms of em- 
bodiment illustrated in the drawing, wherein 
FIGURE 1 shows a gas spring with a piston 
90 rod seal formed as sealing disc, in longitudinal 
section; 

FIGURE 2 shows the sealing disc in enlarged 
representation; 
FIGURE 3 shows a piston rod seal formed 
95 by a plurality of sealing discs arranged axially 
one behind the other; 

FIGURE 4 shows a form of embodiment of 
a piston rod seal where the sealing disc is 
arranged between elastic support discs; 
100 FIGURE 5 shows the seal arrangement ac- 
cording to Figure 4 in enlarged representation; 

FIGURE 6 shows the region of the piston of 
a steplessly blockable gas spring. 
As example for pneumatic, hydraulic or 
105 hydropneumatic units, in Figure 1 there is 

shown a gas spring 1 which comprises a cyl- 
inder 2 in which a piston rod 4 is guided by 
means of a piston rod guiding and sealing unit 
7, 8, 9 comprising a sealing disc 9. In the 
1 10 interior of the cylinder 2 there is situated a 

fluid under high pressure comprising a gas and 
in addition to the gas optionally a liquid filling. 
The cavity 5, 6 within the cylinder 2 is div- 
ided by piston 3, provided with passage 
1 1 5 openings and firmly connected with the piston 
rod 4, into the working chamber 5 beneath 
the piston and the working chamber 6 above 
the piston. The sealing disc 9 is here clamped 
in between an inner end face of the piston 
120 rod guide 7 and a rigid support disc 8. 

The sealing disc 9 is represented in en- 
larged manner in Figure 2. This disc 9 com- 
prises a basic disc body 10 of elastomeric 
material with a radially inner sealing edge 1 1 
125 and a radially outer sealing edge 12. In this 
sectional representation it is clear that both 
the inner sealing edge 1 1 and the outer seal- 
ing edge 12 are formed each by a semicircular 
contour 13 the radius of which corrasnnnHc 
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10. The apices of the seating edges 11 and 
12 are substantially midway of the axial thick- 
ness of the basic sealing body 10. A circular 
groove 14 is provided on one end face of the 
5 basic disc body 10 for the reception of a 
lubricant. 

The form of embodiment according to Fig- 
ure 3 differs from that according to Figure 1 
essentially in that several sealing discs ar- 

10 ranged axially one behind the other are ar- 
ranged in the cylinder 2 for the sealing of the 
piston rod 4. These sealing discs 9 are here 
again , clamped in on one side by the inner end 
face of the piston rod guide 7 and the rigid 

1 5 support disc 8. Such a form of embodiment is 
selected especially when a higher friction force 
is desired between the mutually relatively 
movable parts. Since the friction force of such 
a sealing disc 9 which is to be overcome is 

20 fairly precisely definable, by placing several 
such sear discs 9 one behind the other it is 
possible deliberately to build up the desired 
friction force, since the friction of the rings is 
cumulative. 

25 In Figures 4 and 5 there is shown a seal for 
the piston rod 4 which consists of a sealing 
disc 9 arranged between elastic support discs 
15. This sealing unit likewise is clamped in 
between the inner end face of the piston rod 

30 guide 7 and the rigid support disc 8. As 

shown especially by Figure 5, the sealing disc 
9 differs from the elastic support discs 15 
essentially by different radial length of the 
elongate cross-sectional area. The elastic sup- 

35 port discs 15 here have predominantly the 
task of keeping dirt or abraded particles away 
from the sealing surface and accordingly act 
only as scraper rings without substantial seal- 
ing function. 

40 In Figure 6 there is shown the piston of a 
steplessly blockable gas spring which is 
guided in sealing manner on the inner wallof 
the cylinder 2 and divides the interior of the 
cylinder 2 into the working chambers 5 and 6 

45 which can be completely sealed from one 

another such as to stabilize the piston and the 
piston rod in a selected axial position in spite 
of the fluid pressure which biases the piston 
rod outwardly as long as the working cham- 

50 bers 5, 6 are interconnected. A blocking valve 
is provided for closing the interconnection be- 
tween the working chambers 5 and 6. This 
blocking valve has a closing member 17, 
which closing member 17 is axially displacea- 

55 ble by means of the operating rod 19 guided 
to the exterior within the piston rod 4, and 
clears or blocks a flow-through means 18 be- 
tween the working chambers 5 and 6. To sea! 
the closing member 17 sealing discs 16 are 

60 provided which correspond in construction to 
the sealing discs 9 as described in Figures 1 
to 5. The lower sealing disc 16 opens on 
downward movement of the closing member 
17 when it lies over the section of reduced 

65 diameter. Due to the very precisely defined 



position of the sealing area between the lower 
clamped-in sealing disc 16 and the closing 
member 1 7, the axial movement of the clos- 
ing member 17 can be reduced in comparison 

70 with an embodiment with O-ring seal, so that 
furthermore the opening of the valve always 
takes place in the same position of the oper- 
ating rod 19. 
It is easily understandable that a sealing disc 

75 according to this invention may also be pro- 
vided between the operating rod 19 and the 
bore of the piston rod 4. 

While specific embodiments of the invention 
have been shown and described in detail to 

80 illustrate the application of the inventive prin- 
ciples, it will be understood that the invention 
may be embodied otherwise without departing 
form such principles. 

85 CLAIMS 

1. A fluid-operated device such as a pneu- 
matic, hydraulic or hydropneumatic device in 
which 

at least one annular sealing disc (9) is lo- 
90 cated in a first sub-unit (2, 7, 8) and is in 
sealing engagement with a sealing surface of 
a second sub-unit (4); 

said sealing disc (9) has an axis and is axi- 
ally supported in both axial directions by sup- 
95 port faces (7, 8) p of said first sub-unit (2, 7, 
8); 

said sealing disc (9) has — when regarded in 
a plane of section containing its axis — a 
cross-sectional area elongate in radial direction 
100 before assembly; 

said cross-sectional area comprises a sealing 
edge {11, 12) engageable with said sealing 
surface of said second sub-unit (4); 
said sealing edge (11, 12) is convexly 
105 curved radially towards said sealing surface of 
said second sub-unit (4); 

the apex of said sealing edge (11, 12) is 
substantially midway of the axial thickness of 
said sealing disc (9). 
1 10 2. A fluid-operated device as claimed in 
claim 1, in which 

a separating unit (7, 8, 9) separates at least 
two spaces from each other; 

passage means interconnecting said two 
1 1 5 spaces are defined by said separating unit (7, 
8, 9); 

a cylindrical rod member (4) having an axis 
is axially movably guided within said passage 
means; 

120 a sealing unit (7, 8, 9) is allocated to said 
passage means; 

said sealing unit (7, 8, 9) comprises at least 
one elastic annular sealing disc (9) coaxially 
surrounding said rod member (4); 

125 said sealing disc (9) is axially supported by 
substantially axially directed supporting faces 
(7, 8) adjacent both substantially axially di- 
rected end faces of said sealing disc (9); 
said sealing disc (9) has — when regarded in 

130 a plane of section containing said axis — a 
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cross-sectional area elongate in radial direction 
when regarded in the status before assembly; 

said cross-sectional area comprises a sealing 
edge (11, 12) adjacent said rod member (4); 
5 said sealing edge (11, 12) sealingly engages 
said rod member (4); 

said sealing edge (11, 12) is convexly 
curved radially towards said rod member (4); 

the apex of said sealing edge (11, 12) is 
10 substantially midway of the axial thickness of 
said sealing disc (9). 

3. A fluid-operated device as claimed in 
claim 1 or 2, wherein said sealing disc (9) is 
axiaily compressed between said support 

15 faces (7, 8). 

4. A fluid-operated device as claimed in any 
one of claims 1 to 3, wherein said end faces 
of said sealing disc (9) are substantially planar 
and transverse to said axis. 

20 5. A fluid-operated device as claimed in any 
one of claims 1 to 4, wherein said sealing 
edge (11, 12) has a semicircular contour, the 
radius of which corresponds substantially to 
one half of the axial thickness of said sealing 

25 disc (9). 

6. A fluid-operated device as claimed in any 
one of claims 1 to 5, wherein a plurality of 
sealing discs (9) are provided one adjacent the 
other in axial direction. 

30 7. A fluid-operated device as claimed in any 
one of claims 1 to 5, wherein on at least one 
end face of said sealing disc (9) there is pro- 
vided an elastic support disc (15) of elastic 
material, said support disc (15) having also an 

35 elongate cross-sectional area as defined above 
with an engaging edge directed radially to- 
wards said sealing surface, said engaging 
edge engaging said sealing surface with a 
smaller radial engagement pressure than said 

40 sealing edge (11, 12) of said sealing disc (9), 
said support disc (15) acting as stripper 
means. 

8. A fluid-operated device as claimed in 
amy one of claims 1 to 7, said at least one 

45 sealing disc (9) bein, provided in at least one 
of its substantially axialy directed end faces 
with at least one regess (14) adapted for re- 
ceiving a lubricant. 

9. A fluid-operated device as claimed in 

50 claim 8, wherein said recess (14) is shaped as 
a groove around said axis. 

10. A fluid-operated device as claimed in 
any one of claims 1 to 9, wherein the cross- 
sectional area of said at least one sealing disc 

55 (9) comprises a further edge (12, 11) convex 
in radial direction and engageable with a fur- 
ther sealing surface (2). 

1 1. A fluid-operated device as claimed in 
any one of claims 2 to 10, wherein 

60 said device comprises a cylinder member (2) 
having an axis and two ends; 

said rod member (4) is a piston rod (4) 
guided through a piston rod guiding and seal- 
ing unit (7, 8, 9) at one of said ends; 



said piston rod (4) by its radially inwardly con- 
vex sealing edge (11). 

12. A fluid-operated device as claimed in 
claim 1 1 , wherein said device is a fluid spring 
70 in which said cylinder member (2) defines a 
cavity (5, 6), said cavity (5, 6) being at least 
partially filled with fluid under pressure, said 
sealing disc (9) sealing said cavity (5, 6) with 
respect to atmosphere. 
75 13. A fluid-operated device as claimed in 
any one of claims 2 to 10, wherein 

said device is a fluid spring having a cylin- 
der member (2) with two ends and a piston 
rod (4) extending through a piston rod guiding 
80 and sealing unit (7, 8, 9) adjacent one of said 
ends of said cylinder ember (2); 

said cylinder member (2) defines a cavity (5, 
6) between said two ends; 

said cavity (5, 6) is at least partially filled 
85 with a fluid under pressure; 

said piston rod (4) is provided with a piston 
unit within said cavity (5, 6) sealingly engaging 
an inner wall surface of said cylinder member 
(2); 

90 said cylinder member (2) separates said cav- 
ity into two working chambers (5, 6); 

said passage means extend through said 
piston unit; 

said rod member is an axiaily movable clos- 
95 ing member (17) for opening and closing said 
passage means in response to axial move- 
ment- 
said sealing disc (16) is in sealing engage- 
ment with said closing member (17). 
100 14. A fluid-operated device as claimed in 
any one of claims 2 to 10, wherein 

said device is a fluid spring having a cylin- 
der member (2) with two ends and a piston 
rod (4) extending through a piston rod guiding 
105 and sealing unit (7, 8, 9) adjacent one of said 
ends of said cylinder member (2); 

said cylinder member (2) defines a cavity (5, 
6) between said two ends; 

said cavity (5, 6) is at least partially filled 
110 with a fluid under pressure; 

said piston rod (4) is provided with a piston 
unit within said cavity (5, 6) sealingly engaging 
an inner wall surface of said cylinder member 
(2); 

115 said cylinder member (2) separates said cav- 
ity (5, 6) into two working chambers (5, 6); 

flow-through means (18) interconnect said 
working chambers (5, 6); 
a closing member (17) is allocated to said 
120 flow-through means (18) for opening and clos- 
ing said flow-through means (18); 

said piston rod (4) is provided with an inter- 
nal axial bore along the axis thereof, said bore 
defining said passage means; 
125 a closing member operating rod (19) is axi- 
aily movably housed within said bore for oper- 
ating said closing member (17); 

said operating rod (19) acts as said rod 
member; 



such as to seal said fluid within said cavity (5, 
6) against atmosphere. 

1 5 A fluid-operated device as claimed in 
any one of claims 1 to 14, wherein said elon- 
5 gate cross-section has a radial length which is 
at least 1.5 times the axial thickness of said 

sealing disc. 

16. A fluid-operated device as claimed in 
claim 15, wherein said radial length is at least 
10 twice the axial thickness of said sealing disc. 

17 A fluid-operated device as claimed in 
any one of claims 1 to 16, wherein said seal- 
ing disc is made of elastomeric material. 

18. A fluid-operated device as claimed in 
15 any one of claims 7 to 17, wherein said sup- 
port disc is made of elastomeric material. 

19. A fluid-operated device substantially as 
described with reference to and as illustrated 
by any one of the examples shown in the 

20 accompanying drawings. 
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